Schizophrenia is a common, genetically heterogeneous disorder with a lifetime prevalence of approximately 1% in the general population. Linkage studies of affected families have now strongly implicated a susceptibility locus on chromosome 8p21-22. Tests of allelic association with markers on 8p21-22 should be able to localise any quantitative trait nucleotides (QTN's) or susceptibility mutations to within a few hundred kilobases. Three brain expressed candidate susceptibility genes, prepronociceptin (PNOC), neuronal cholinergic receptor, nicotinic, alpha polypeptide 2 (CHRNA2) and arylamine N-acetyltransferase 1 (NAT1) have been mapped to chromosome 8p21-22. A case-control, allelic association study was performed using a novel highly polymorphic dinucleotide repeat, D8S2611 near the PNOC gene, two previously characterised dinucleotide repeats, D8S131 and D8S131P at the CHRNA2 locus and an RFLP at the 3'UTR of the arylamine Nacetyltransferase 1 (NAT1) gene. No differences were found in allele frequencies between the patient and control groups. DNA variations or mutations at or near the three genes under study are unlikely to increase susceptibility to schizophrenia in our population sample.
attractive candidate gene increasing susceptibility to schizophrenia.
The second gene to be studied was the neuronal cholinergic receptor, nicotinic, alpha polypeptide 2 (CHRNA 2), which is a member of the neuronal acetylcholine receptor family of multimeric neurotransmitter-gated ion channels. The alpha7 subunit of the neuronal nicotinic receptor (CHRNA7) is considered a candidate gene for the P50 deficit, which is a neurophysiological deficit associated with schizophrenia. 5 This and the fact that CHRNA2 maps to 8p21, 6 the region implicated by several linkage studies made it a strong candidate.
The third gene to be studied was arylamine N-acetyltransferase 1 (NAT1). There are two genes encoding functional NAT in humans (NAT1 and NAT2) on chromosome 8p22 within 400 kb from each other. 7 Their corresponding proteins are enzymes, which are involved in the metabolism and detoxification of drugs and other foreign chemicals and could be involved in brain pathology through abnormal detoxification, secondarily affecting the brain.
The polymorphisms genotyped at the three candidate loci did not directly affect the function of these genes. It was necessary to find a new polymorphic marker for the PNOC gene to use for genotyping. The human CHRNA2 gene has been positioned exactly at the D8S131 locus and two previously characterised microsatellites at this locus were used. 6 Finally, a frequent single nucleotide polymorphism at position 1095 of the NAT1 gene was used to test the hypothesis of NAT1 gene involvement. This biallelic polymorphism is a C?A substitution in the 3' UTR of the gene and can be detected as a PCR formatted MboII RFLP.
Materials and methods

Patients
One hundred and thirty cases of schizophrenia were studied together with 316 screened normal controls. The cases and controls were all asked if both their parents and grandparents were of Irish, Welsh, Scottish or English ancestry. Those subjects with two or more grandparents who had any other ancestry were excluded but subjects with a single grandparent with a European ancestry were included. After complete description of the study to the subjects, written informed consent was obtained. All affected and unaffected subjects were screened or diagnosed by a psychiatrist using the Lifetime Version of the Schizophrenia and Affective Disorders Schedule (SADS-L). 8 The cases were rated using the 90-item OPCRIT checklist, 9 the family history was recorded and a pedigree diagram was drawn. Diagnoses were assigned using Research Diagnostic Criteria. 10 30 ml of blood sample was taken from each individual for DNA analysis. Genomic DNA was extracted using the phenol-chloroform method.
Genotyping
For the amplification of D8S2611 the oligonucleotide primers mentioned in the previous section (N13F and N13R) were used. Cycle conditions were 958C for 5 min, then 30 cycles of 958C for 30 s, 568C for 30 s, and 728C for 30 s, with a final extension step of 7 min at 728C. For the CHRNA2 gene, subjects were genotyped for microsatellite markers D8S131 (cos132C2) (GDB Amplimer: 215525) and D8S131P (GDB Amplimer: 215528) by PCR. Amplification of D8S131 (cos132C2) marker was achieved using primers 5' AGG GGA TCA GGG CTC AGC A 3' and 5' ATA GGC TGG AGA GTC ACA GG 3'. The amplification conditions were 958C for 5 min, then 30 cycles of 958C for 40 s, 608C for 40 s, and 728C for 40 s, with a final extension step of 7 min at 728C. D8S131P was amplified with oligonucleotide primers 5' GCC CCC CAA CAC GGT CTT A 3' and 5' CTT GCT GGA CTT GGA ATG CC 3'. The cycling conditions were 958C for 5 min, then 30 cycles of 958C for 1 min, 588C for 30 s, and 728C for 2 min, with a final extension step of 7 min at 728C.
All PCRs for the microsatellite markers were performed in a volume of 12.5 ml, containing: 100 ng genomic DNA, 10 mM Tris-Cl (pH 8.4), 50 mM KCl, 1.5 mM MgCl 2 , 200 mM dNTPs, 2.0 pmol of [ 32 P] end-labelled forward primer and a nonlabelled reverse primer, and 0.2 units of Taq polymerase (Qiagen) in a Gene Amp 9700 System (Perkin Elmer Cetus, Palo Alto, CA, USA). The PCR products were mixed with an equal volume of formamide buffer and denatured at 958C for 3 min. The alleles were separated on 6% denaturing polyacrylamide gels (National Diagnostics Ltd). Products were detected by autoradiography.
The method used to genotype the NAT1 polymorphism is a modification of the method described by Bell et al 11 and
Payton et al. 12 Primers N769 (F): 5' ACT CTG AGT GAG GTA GAA ATA 3' and N1113 (R): 5' ACA GGC CAT CTT TAG AA3' were used to PCR amplify the RFLP. The N1113 primer contains a partial MboII restriction site, which forms a complete site when a C is at position 1095 instead of an A. PCR reactions were performed in a volume of 12.5 ml containing: 100 ng of genomic DNA, 20 pmoles of each primer, 200 mM dNTPs, 10 mM Tris-Cl (pH 8.4), 50 mM KCl, 2.0 mM MgCl 2 and 0.5 units of Taq DNA polymerase (Qiagen). Reactions were incubated at 958C for 5 min followed by 30 cycles of denaturing for 30 s at 958C, annealing for 30 s at 528C followed by extension at 688C for 30 s. Amplification was completed by incubation at 688C for 7 min. The PCR products were digested overnight at 378C with three units of MboII (Promega, UK) and separated by electrophoresis through 4.0% Metaphor agarose (FMC Bioproducts) gels.
Statistical analysis
Allelic association between the disease and marker loci was tested by the computer program CLUMP, which is designed for use in genetic case-control association studies. 13 
assesses the significance of the departure of observed values from the expected values in a 26N contingency table conditional on marginal totals. A w 2 value is produced and the significance level is assessed using a Monte Carlo approach, which produces an empirical P-value. This approach deals well with statistical difficulties produced when highly polymorphic markers are used in the study. Linkage disequilibrium between alleles at the marker loci was estimated by the computer program EH. 14 
Results
Identification of a novel microsatellite repeat (D8S2611)
A human genomic clone (122n11) containing the prepronociceptin gene was identified from the PAC human genomic library-RPCI1 15 by screening with the polymerase chain reaction (PCR) using primer sequences derived from the 3' portion of the PNOC gene. 16 The primers used were: Forward primer: 5'GCA GGA AGA GCC CGA GCC3' and Reverse primer: 5'GGG GCG GGG AGA TGA ATG3'. The PAC clone was digested by PstI and a Southern blot was performed using a (CA) 15 probe. A DNA fragment containing a CA repeat was identified, subcloned and sequenced. PCR primers were designed to flank the repeat sequence using the Primer 3 software program (Whitehead Institute/MIT Center for Genome Research). The PCR oligonucleotide primers were: N13 Forward 5'AGA CAT GGC CAG AAC AGC TT3' and N13 Reverse 5'CCA GCT CAT GTG GAT GCT TA3'. Fifteen alleles were detected in 874 chromosomes of unrelated European Caucasian individuals. The observed heterozygosity frequency was 0.898. The size and the frequency of the alleles are summarised in Table 1 . The repeat was codominantly inherited in two three-generation families.
Allelic association studies
The CLUMP program was used to assess the evidence of allelic association between the marker loci and the disease locus. For each marker both the w 2 and P-value are shown for each of the four statistics that are produced by CLUMP (T1, T2, T3 and T4) ( Table 2 ). None of these tests produced a statistically significant result for any of the four markers. Pair-wise linkage disequilibrium was calculated between all pairs of markers using the EH program (Table 3 ). Both markers, D8S131 and D8S131P are upstream of exon 2 of the CHRNA2 gene and are themselves 9 ± 20 kb apart. The two markers are in very strong linkage disequilibrium with each other as expected due to their close proximity. This finding provides further support that the negative association results between these two markers and schizophrenia are genuine.
Discussion
When selecting candidate genes for association studies of schizophrenia where the pathophysiology is unknown, the prior probability that any given gene is involved in the aetiology is usually very low. 17, 18 One way of increasing the prior probability is by examining the candidacy of genes that map in an interval that has already been implicated by prior evidence of genetic linkage. In this study, all the candidate genes map to chromosome 8p21, a region that has shown confirmed evidence of linkage with schizophrenia. Although the DNA polymorphisms studied are not expected to be the actual disease causing variants, their distance from the candidate genes does not exceed the limit for detectable LD, which in an out-bred population, for a common and complex disorder is approximately 25 kb. 19 It is therefore reasonable to expect that they might demonstrate linkage disequilibrium with a disease-causing variant present in these genes, leading to allelic association between marker and disease. This theory is supported by our observation of strong linkage disequilibrium between the markers for the CHRNA2 gene, D8S131 and D8S131P. However, no significant differences in the allele frequencies of any of the markers studied near PNOC, CHRNA2 or NAT1 were observed in our population of schizophrenic patients in comparison with ethnically matched control individuals. The failure to demonstrate association is unlikely to be due to population stratification, since both groups of individuals were carefully matched for ethnicity and drawn from as ethnically a homogeneous population as possible. As more genes are identified, attention can focus on other candidate 8p21-22 genes using association studies.
